This paper presents an Excel approach for infiltration capacity for different types of lands. That is to employ the popular Microsoft Excel software to represent the measured infiltration data graphically. Regression analysis is performed for the accumulated infiltration versus the time. Equations are obtained to predict the accumulated infiltration at required times. Thirty one raw infiltration measurements from various sources are gathered, studied and analyzed applying this approach. Measurements include different types of soil textures and land covers. The infiltration rates are measured by the commonly used infiltrometer. Both single infiltrometer and double infiltrometer are employed. It is concluded that the presented Polynomial infiltration model of Excel approach for the accumulated infiltration is associated with high accuracy, where the values of coefficient of determination (R 2 ) range between 0.9850 and 0.9998. The obtained equations can help in irrigation processes. All the gathered raw experimental infiltration measurements are also analyzed employing Horton and Kostiakov infiltration models. It is found that the Polynomial infiltration model of Excel approach has higher accuracy, followed by Kostiakov model, and finally Horton model. The values of different constants of Horton and Kostiakov infiltration models for all cases are obtained. The accuracy of the Polynomial, Horton and Kostiakov infiltration models are studied considering the types of soil texture and land cover. El-Hazek; JERR, 2(4): 1-18, 2018; Article no.JERR.43941 2 Investigating the constants A, B and C of the obtained equation of the polynomial infiltration model of Excel approach, it is found that all A values are negative, all B values are positive, and all C values are positive except for sandy clay and sandy clay loam soils. There is no specific trend for the effect of the associated land cover on constants A, B, and C except for loamy sand soil, where B and C values for bare land are greater than their values for irrigated land.
INTRODUCTION
Infiltration occurs when water on the land surface enters into the soil. Infiltration rate is the rate at which soil is able to absorb rainfall or irrigation water. It decreases as the soil becomes saturated. When the precipitation rate exceeds the infiltration rate, runoff will occur. It is related to the saturated hydraulic conductivity of the near-surface soil.
The process of infiltration continues when there are spaces for additional water at the soil surface. The available volume for additional water in the soil depends on the porosity of the soil. The infiltration capacity is the maximum rate that water can enter a soil in a given condition.
There are several methods to predict the rate of infiltration. For uniform initial soil water content and a deep well-drained soil, there are some approximate methods to solve for the infiltration such as the Green and Ampt method [1] and [2] . It is a function of the soil suction head, porosity, hydraulic conductivity and time. There are also empirical methods such as Horton and Kostiakov methods.
Horton method [2] and [3] suggested that infiltration capacity declines rapidly and tends towards an approximately constant value. It is an empirical formula showing that infiltration starts at some value and is decreasing exponentially with time. After some time when the soil saturation level reaches a certain value, the rate of infiltration tends to a constant rate.
Kostiakov method [4] includes an empirical equation assuming that the intake rate declines over time according to a power function. The major limitation of the equation is its reliance on the zero final intake rates. In most cases, the infiltration rate instead approaches a finite steady value, which in some cases may occur after short periods of time.
The Kostiakov-Lewis method [5] , also known as the "Modified Kostiakov" equation, corrects for this by adding a steady intake term to the original equation.
The rate of infiltration is often measured in millimeters per hour or inches per hour. It can be measured using an instrument that called infiltrometer. The common double infiltrometer, [6] and [7] , is shown in Fig. 1 with falling head and constant head arrangements. There is also a single infiltrometer, [8] and [9] , which is illustrated in Fig. 2 .
Fig. 1. Double infiltrometer, [6] and [7]

Fig. 2. Single infiltrometer, [8] and [9]
The infiltration rate is affected by soil characteristics including the soil texture and structure, water content of the soil, and types of land cover. Many researches are done to investigate the effect of these parameters on the infiltration rate. For example, effect of specific grazing land conservation practices on watershed processes is necessary for future planning and resource allocation, [10] . Also, vegetation and/or better land management can prevent soil from drying out quickly, which is important in agriculture and irrigation practices, [11] .
An Excel approach for infiltration capacity for different types of soils and land covers is introduced. That is to employ the popular Microsoft Excel software to represent the measured infiltration data graphically. The accumulated infiltration is plotted versus the time. Polynomial regression analysis is performed for the accumulated infiltration against the time. Equations are obtained easily to predict the accumulated infiltration. The introduced polynomial infiltration model of Excel approach for the accumulated infiltration has higher accuracy than the widely used Horton and Kostiakov infiltration models.
MATERIALS AND METHODS
An Excel approach for infiltration capacity for different types of soils is introduced. That is to employ the popular Microsoft Excel software to represent the measured infiltration data graphically. The accumulated infiltration is plotted versus the time. Regression analysis is performed for the accumulated infiltration against the time. Equations are obtained to predict the accumulated infiltration at required times. The obtained equations can help in irrigation processes. It is possible to determine how long it will take to infiltrate a certain amount of water, which is important to determine the irrigation time and quantity.
Thirty one raw infiltration measurements from various sources are gathered, studied and analyzed applying this approach. Raw infiltration measurements include various locations with different types of soil textures and land covers. The studied infiltration rates are measured by the commonly used infiltrometer. Both single infiltrometer and double ring infiltrometer are used for these measurements.
All the gathered raw experimental infiltration measurements are also analyzed employing both Horton and Kostiakov infiltration models. The values of different constants of Horton and Kostiakov infiltration models for all cases are obtained.
RESULTS AND DISCUSSION
Polynomial Infiltration Model of Excel Approach
All the gathered thirty one raw infiltration measurements from various sources represent field tests. In dry soil, water infiltrates rapidly, which is called the initial infiltration rate. As more water replaces the air in the pores, the water from the soil surface infiltrates more slowly and eventually reaches a steady rate, which is called the basic infiltration rate, [6] . It is recommended that at least two infiltration tests should be carried out at a site to make sure that the correct results are obtained. Also, the infiltration curve should be determined for normal soil moisture conditions before irrigation takes place (usually when the top soil is dry) [6] .
Experimental infiltration measurements are carried out at an irrigated farm, [6], with loam soil using a double ring infiltrometer with inside diameter of 30 cm and outside diameter of 60 cm, as shown in Table 1 . Excel approach is applied on the raw infiltration data, where Excel approach is applied on another experimental infiltration measurements that are carried out at an irrigated land, [12] , with sandy clay loam soil using a double ring infiltrometer with diameters of 30 cm and 60 cm. Raw infiltration data are shown in Table 2 , while Fig. 4 illustrates the accumulated infiltration versus the time, the polynomial regression, and the obtained equation with a very high R 2 .
Using a double ring infiltrometer with diameters of 30 cm and 60 cm, experimental infiltration measurements are performed at ten locations in two different agricultural lands [13] . Soil texture analyses and land covers are shown in Table 3 . The raw infiltration data for the accumulated infiltration are presented in Tables 4 and 5 Employing a double ring infiltrometer with diameters of 45 cm and 60 cm, experimental infiltration measurements are executed three different times for a forest land, [14] , as shown in Table 6 . Excel approach is applied on the raw infiltration data, where Fig. 7 illustrates the accumulated infiltration versus the time, the polynomial regression, and the obtained equations with very high R 2 .
A single infiltrometer is employed to get experimental measurements for infiltration rates in a forest land [14] . A single infiltrometer with 15 cm diameter obtained the infiltration measurements shown in Table 7 , and another single infiltrometer with 30 cm diameter gave the infiltration measurements shown in Table 8 . Excel approach is applied on the raw infiltration data as illustrated in figures 8 and 9 respectively.
Employing a double ring infiltrometer with diameters of 30 cm and 60 cm, experimental infiltration measurements are carried out for two types of soil textures, [15] , which are shown in Table 9 . Applying Excel approach on the raw infiltration data shown in Table 10 , Fig. 10 illustrates the accumulated infiltrations versus the time, the polynomial regressions, and the obtained equations with very high R 2 . 10  15  13  12  20  20  15  17  30  25  17  22  40  28  19  25  50  30  21  27  60  32  23  29  70  34 It is concluded from the last figures 3 through 14 that the Excel approach introduces a polynomial infiltration model, which has a very high accuracy representing the accumulated infiltration versus the time. The Polynomial infiltration model of Excel approach can be expressed in general formula as in equation 1.
Where: AI = Accumulated infiltration (mm), T = Time from start (min), A, B and C = Constants according to specific conditions.
Validation of Polynomial Infiltration Model
In order to test the predictive power of the Polynomial infiltration model, the derived equations are to be validated. The gathered data are divided into calibration and validation groups with ratios of 80% and 20% respectively, [18] . Validation check is performed as shown in equations. On the symmetry line, the predicted infiltration is equal to the observed infiltration, which means 100% accuracy. Due to the very high accuracy of the Polynomial infiltration model, all the points lie very close to the symmetry line.
Analyses Employing Horton and Kostiakov Infiltration Models
To simplify the infiltration processes, several equations are developed for field applications. These empirical models relate infiltration rate or volume to elapsed time according to certain properties. Parameters used in these models can be estimated from measured infiltration -time relationships for a given soil condition. The empirical infiltration models include the two widely used Horton and Kostiakov models.
Horton infiltration model, [13] , expresses the relation of infiltration capacity with time as an exponential function, as shown in equation 2.
Where: f = infiltration capacity at any time t, f c = final steady state infiltration capacity, f o = initial infiltration capacity, k = Horton's constant representing rate of decrease in infiltration capacity, t = time.
Kostiakov infiltration model, [13] , presents a simple power function relating the infiltration with the time t, as shown in equation 3.
Where: f = accumulated infiltration at any time t, t = time, (a) and (α) are constants.
All the gathered thirty one raw experimental infiltration measurements are analyzed employing both Horton and Kostiakov infiltration models. The values of different constants of Horton (k) and Kostiakov (a and α) infiltration models and their coefficient of determination (R 2 ) for all cases are obtained, as illustrated in Table  15 . Also, Fig. 8 . The reason may be due to inaccurate infiltration measurements, which are performed using a single infiltrometer. For this specific case, the polynomial infiltration model of Excel approach is still having higher accuracy. . If the basic infiltration rate is known, then its value is added to predict the accumulated infiltration. If the basic infiltration rate is not known, the obtained equations are used carefully to avoid false results for the expected accumulated infiltration.
Types of Land Cover and Soil Texture for Polynomial, Horton and Kostiakov Infiltration Models
Considering the land cover, it is noted that the gathered raw experimental infiltration measurements can be categorized into three main types, as illustrated in Table 16 . These types are bare land, forest land and irrigated land. It has to be noted that the land cover for the two experimental measurements represented in Fig. 10 are not defined. Studying the types of soil texture, it is found that the gathered raw experimental infiltration measurements can be categorized into four main types, as illustrated in Table 17 . These types are loam, sandy clay loam, sandy loam and loamy sand. It has to be noted that the soil texture for the three experimental measurements represented in Figs. 7, 8 and 9 are not defined. ) for the Polynomial, Horton and Kostiakov infiltration models according to both soil texture and land cover types. For all cases, the Polynomial infiltration model has higher accuracy, followed by Kostiakov infiltration model, and finally Horton infiltration model. For sandy clay loam soil, the higher average R 2 is associated with the irrigated land followed by the bare land for the three infiltration models.
For sandy loam soil, the higher average R 2 is associated with the irrigated land followed by the bare land for Polynomial and Kostiakov infiltration models, while the higher average R 2 is associated with the bare land followed by the irrigated land for Horton infiltration model.
For loamy sand soil, the higher average R 2 is associated with the bare land followed by the irrigated land for the three infiltration models.
Effect of Soil Texture and Land Cover on the Polynomial Infiltration Model of Excel Approach
Other analyses are performed to study the effect of both soil texture and land cover on the polynomial infiltration model of Excel approach. Investigating the obtained equations in case of forest land cover, as illustrated in Table 16 , it is found that the values of A range between -0.025 and -0.001, the values of B range between 0.24 and 3.89, and the values of C range between 3.5 and 10.6. It has to be noted that the soil textures for these nine cases are not defined.
For the rest twenty-two cases, as shown in In fact, many factors affect infiltration such as moisture content, soil texture and structure, porosity and permeability, soil bulk density and compaction, vegetative cover, root depth and organic content, slope, and topography. For each specific location, the infiltration depends on some parameters that are commonly got from various measurements.
One or some of the infiltration models are better and appropriate for a specific site, [19] , where Horton's model was better than the KostiakovLewis and Philip's models at most sample points in the studied area. Another study was conducted to evaluate Philip and Kostiakov infiltration models on three different soils, [20] . Philip model gave the best prediction of water infiltration in coastal plain sands soil, while the Kostiakov model was best for soils of sandstone and river alluvium. It is noted that this study concerned only with investigating the effect of soil texture on the infiltration, and neglected the effect of other factors such as moisture content, land cover, slope and topography. However, infiltration models have to be tested for the ability to estimate the infiltration of each location and it has to be documented at each site.
CONCLUSIONS
It is concluded that the presented polynomial infiltration model of Excel approach for the accumulated infiltration is associated with high accuracy, where the values of coefficient of determination (R 2 ) range between 0.9850 and 0.9998. The obtained equations can help in irrigation processes. It is possible to determine how long it will take to infiltrate a certain amount of water, which is important for irrigation purposes.
It is found that the polynomial infiltration model of Excel approach has higher accuracy, followed by Kostiakov infiltration model, and finally Horton infiltration model. Considering types of land cover, the descending average R 2 is associated with the forest land, the irrigated land, and the bare land for Polynomial infiltration model. For Horton infiltration model, the descending average R 2 is associated with the forest land, the bare land, and the irrigated land. For Kostiakov infiltration model, the descending average R 2 is associated with the irrigated land, the forest land, and the bare land.
Studying the types of both soil texture and land cover, the higher average R 2 is associated with the irrigated land followed by the bare land for the three infiltration models for sandy clay loam soil. For loamy sand soil, the higher average R 2 is associated with the bare land followed by the irrigated land for the three infiltration models. For sandy loam soil, the higher average R 2 is associated with the irrigated land followed by the bare land for Polynomial and Kostiakov infiltration models, while the higher average R 2 is associated with the bare land followed by the irrigated land for Horton infiltration model.
Analyses are performed to study the effect of both soil texture and land cover on the constants However, infiltration models have to be tested for the ability to estimate the infiltration of each location, and it has to be documented at each site.
